Abstract: Groundwater samples were collected in Erode city, Tamilnadu, from an area having large number of textile dyeing units. Though people residing in this area use river water supplied by local bodies as their major source for drinking, groundwater is also used as complementary source. The samples collected were subjected to systematic analysis using the standard methods and procedures. The values obtained for different physicochemical parameters were compared with the standard values given by ISI/ WHO. Variations in many physicochemical parameters were observed for most of the samples when compared to the standard values. More than half of the samples collected had their EC, TDS, total hardness, calcium, magnesium, sulphate and chloride exceeding their acceptable limits. This attempt has been made to determine the quality of groundwater in the study area confirms the deterioration of groundwater quality in the area and calls for some effective measures to be taken urgently to minimize the adverse impacts that may occur due to the contamination of groundwater.
Introduction
Water is the elixir for life. Adequate supply of potable safe water is absolutely essential and is the basic need for all human being on the earth. Due to rapid industrialization and subsequent contamination of surface and groundwater sources, water conservation and water quality management has now a days assumed a very complex shape 1, 2 . Attention on water contamination and its management has become a need of the hour because of its far reaching impact on human health.
Erode, the headquarters of Erode district is a rapidly growing city and is one of the well known places for textile industries. It has more than 500 textile dyeing units. The dyeing units utilize large quantities of water for their process and generate wastewater containing considerable quantity of unused substances 3, 4 .
The discharge of effluents having high TDS from dyeing industries results in the deterioration of the quality of groundwater to a greater extent 5 . Continuous disposal of industrial effluents on land, which has limited capacity to assimilate the pollution load also leads to groundwater pollution. Groundwater quality of open wells as well as deep bore wells deteriorates to a considerable extent and the water from such sources has high salt concentration 6 . To study the impact of the textile dyeing effluents on the quality of groundwater in Erode city, water samples were collected from some areas which have large number of textile dyeing units and the samples were analyzed for various physicochemical parameters.
Experimental
Sampling locations were selected based on detailed survey of the study area and discussions with local experts in waterworks department and Tamilnadu Pollution Control Board (TNPCB). Few locations away from industrialized area were also selected so as to make a comparative study on the quality of water. Samples were collected from open wells and bore wells. The depth of the wells varied from 30-60 meters. The details regarding the locations where samples were collected are given in Table 1 . 
Sample collection
Samples from thirteen locations were collected in clean polythene cans of one liter capacity. All the samples were collected during the month of October 2009. They were brought to the laboratory without the addition of any preservatives and subjected to physicochemical analysis within 24 h after the collection. Suspended matters if any, in the samples were removed by filtration through Whatman No.41.
Analytical
The samples collected were subjected to various physicochemical analysis in order to assess their quality and potability. Water samples were analyzed using standard methods [7] [8] [9] .
The physical parameters studied were colour, odour, taste, turbidity, electrical conductivity and total dissolved solids. The chemical parameters studied were pH, alkalinity, total hardness, Ca, Mg, iron, manganese, sodium, potassium, chloride, sulphate and fluoride. The pH values of the samples were determined using pH electrode 9107 and an expandable ion analyzer EA940. Electrical conductivity was measured using Elico CM-180 conductivity meter. Sulphate was determined by turbidimetric method. Total hardness, alkalinity, chloride and other constituents were estimated by using standard methods for water and wastewater 8, 9 .
Results and Discussion
The values obtained for various physicochemical parameters after the analytical study are given in Table 3 . The values were compared with the standard values given by WHO 10 and ISI 11 given in Table 2 . Table 3 . The values obtained for various physicochemical parameters in the study area.
(All values in ppm except pH and EC).
All the 13 samples analyzed were not having any objectionable colour, appearance, taste or odour. All the samples had their pH values between 7 to 8 and these were well within the permissible limit of 6.5 to 8.5 prescribed for drinking water by Indian standards 11 . Maximum pH of 7.8 was observed for sample S 10 collected from Vandipettai and minimum of 7.1 was observed for sample S 8 collected from Chinnapananguttai. Among the physical parameters analyzed, variations were observed for most of the samples regarding their electrical conductivity and total dissolved solids. The samples analyzed were found to have electrical conductivity values varying between 198-3172 µS/cm. The EC values of six samples S 6 , S 7, S 8 , S 10, S 11 and S 13 collected from Thanneerpandal Palayam, Kamaraj Nagar, Chinnapananguttai, Vandipettai, BP Agraharam and Odaipallam were found to exceed the permissible limit of EC for drinking water (300 µS/cm) as per the ISI standards 11, 12 . Maximum value of EC was found in sample S 10 collected from Vandipettai, while the minimum value of EC was observed in sample S 1 collected from Srinivasa Nagar. The EC variations in the samples analyzed is shown in Figure 1 . The electrical conductivity value is an index to represent the total concentration of soluble salts in water 13 . This is confirmed by the fact that these samples were found to have fairly high values of TDS also. It is observed that waters with high EC values are predominant in sodium and chloride ions 14 . When the concentrations of both the ions were considered together, all the samples with high electrical conductivity were found to have both the ions at higher concentration.
The TDS concentration of the samples analyzed varied between 251 mg/L to 3256 mg/L. All the samples except S 1 and S 2 had their TDS values above the standards prescribed. The higher value of TDS could be due to the low water levels within the aquifers and sediment effect 15 . The sample S 10 collected from Vandipettai had the highest TDS value of 3256 mg/L while the sample S 2 collected from Appachi Ayya Thottam had the minimum TDS value of 251 mg/L. The trend of TDS variations is shown in Figure 2 which are in the upstream area were within the acceptable limit. These two locations do not have dyeing units also. This also confirms the fact that the percolation of effluents from textile dyeing units into the groundwater systems may also be the reason for the very high TDS values observed for the samples collected from other locations which are having many dyeing units. Most of the samples analyzed showed higher concentration of chloride than the permissible limit prescribed for drinking water. The concentration of chloride ranged from a minimum of 50 mg/L for the sample S 2 collected from Appachi Ayya Thottam to a maximum of 1588 mg/L for the sample S 10 collected from Vandipettai. All the samples, except four samples S 1 , S 2 , S 3 and S 9 , had their chloride concentrations above the permissible limit (200 mg/L). It was found to be within the acceptable limit of 500 mg/L for the samples S 4 , S 5 and S 12 . The other six samples had their chloride concentration exceeding the acceptable limit. The variation in chloride concentration is shown in Figure 3 . The level of sulphate in the samples ranged from 18 mg/L to 402 mg/L. It was well within the acceptable limit for all the samples except for the samples S 7 and S 10 and even in case of those two samples the variation was very less only. The total hardness of the samples ranged from 137 mg/L to 1230 mg/L. Six samples S 6 , S 7 , S 8, S 10 , S 11 and S 13 had their total hardness above the acceptable limit of 500 mg/L. It was found to be the highest again in case of the sample S 10 . The concentrations of calcium and magnesium also exceeded the acceptable limit for the samples S 6 , S 7 , S 8, S 10 , S 11 S 12 and S 13 . The variations in the total hardness and the concentration of calcium and magnesium for the samples analyzed are shown in Figure 4 & 5 respectively. The concentration of sodium and potassium were found comparable with the earlier reported values 16 . Other chemical parameters like alkalinity, fluoride, sodium and potassium were well within the permissible limits.
Conclusion
Among the thirteen samples analyzed, only two samples S 1 and S 2 have good potability with no physicochemical parameters exceeding the permissible limit. Though the samples S 3 , S 4 , S 5 and S 9 have some of the parameters exceeding their limits the variations are only less and hence they are also potable.
Seven of the samples S 6 , S 7 , S 8 , S 10 , S 11 S 12 and S 13 which were collected from locations where the number of textile dyeing units are more, have all the common chemical parameters like TDS, hardness etc alarmingly above the acceptable limits. The consumption of water having high total dissolved solids and hardness may cause harmful effects like kidney stone formation and other related diseases 14 . Though the sources from which the water samples were collected are used mainly as complementary sources of drinking water, the usage of water from these sources should be totally discouraged. Groundwater sources in the study area are used also for the processing of textile dyeing and bleaching operations by the industries located in the area. Even though the dyeing and bleaching industries discharge wastewater with higher salt concentration, they need water of very good quality for their processing. Therefore the groundwater with higher total hardness and TDS in the study area may become unsuitable for industrial applications also, if the contamination continues to proceed. Hence some effective measures are to be taken urgently to prevent the contamination of groundwater in the study area.
